Some plants can live for thousands of years, facing the problem of preventing accumulation of deleterious mutations. A recent study shows that massive tree stature requires surprisingly few stem cell divisions, and that the mutational load is not proportional to stature, but to branching order.
Why organisms age and how they cope with it has fascinated philosophers and scientists over the centuries. The DNA damage theory of ageing states that failure to repair DNA damage results in accumulation of mutations, leading to abnormal cell physiology [1] . At the population level, the theoretical biologists Gabriel et al. [2] use the term 'mutational meltdown' to describe the positive feedback between fixation of deleterious mutations in a population and decrease in population size. In a new study by Burian et al. [3] , published recently in Current Biology, the authors use an elegant combination of live imaging and cellular generation modeling to revisit the long-standing question how long-lived plants cope with the mutational burden due to cell divisions.
Trees can live up to several thousand years, continuously forming new organs by the activity of stem cells in specialized organ-forming centers, the apical meristems, and the end of their life span is generally associated with physical damage and disease. Previous empirical evidence and theoretical modeling have led to conflicting conclusions to estimate the mutational load in the life history of trees. On the one hand, Scofield and Schultz [4] proposed that the number of mutations is proportional to stature, and taller plants (i.e., trees) are more susceptible to fixation of mutations than are annuals or short plants. A subsequent study by Lanfear et al. [5] proposed that taller plants experienced lower rates of evolution due to lower rates of mitosis than in shorter plants.
The life history of plants differs from that of animals [6] , which has a significant impact on senescence of the individual and minimizing the mutational load passed on to the next generation. During embryogenesis, animals establish stem cell populations to replenish their daily loss of cells or to repair tissue damage during postembryonic life. The gameteproducing cells, however, are set aside in a quiescent state early during embryogenesis, and are not reactivated before sexual maturity, thus preventing the accumulation of mutations due to DNA replication errors in cell division [7] . In plants, the stem cell populations of the apical meristems are established during embryogenesis, and provide the cells for all the organs formed during the postembryonic life -the root system, the branches, leaves and flowers. In contrast to animals, plants do not set aside a germline during embryogenesis, but the gametes differentiate from somatic cells in the fertile organs of flowers or cones. The iterative production of gametes from somatic cells presents plants with the problem of preventing deleterious mutations from appearing in the next generation.
Branches arise from meristems in the axils of leaves produced by stem cells in the parent shoot apex. To address the contentious issue of whether mutational load is proportional to length of the branches and thus plant stature, Burian et al. [3] first determined when an axillary meristem is specified and then how many cell divisions separate its formation from its parent apex. If axillary meristems either are specified or arise late (at the time or after other leaves were made and the stem has elongated), there would be many cell divisions between formation of the leaf anlage and formation of the meristem in its axil. In that case, the stature hypothesis would hold. Alternatively, if the axillary meristem is specified early and undergoes only few cell divisions until it is formed, branching order would be the primary determinate of mutational load.
To determine when axillary meristems are specified, the authors used expression of the auxin-response marker DR5:VENUS. It is expressed at the boundary between the shoot meristem and the incipient leaf primordium, but is shut off soon after primordium outgrowth. Through live imaging, the cells of this boundary region were tracked to an axillary meristem. Surgical ablation of the stem cell region of the main meristem accelerated the process and showed that the stem cells of the axillary meristem are derived from boundary cells that had expressed DR5:VENUS. Thus, the founder cells of the axillary meristem are from a cell population that is different from the surrounding cells at an early stage, before the leaf primordium becomes visible.
Nevertheless, if these cells divide many times before the formation of the axillary meristem, mutational load still will be proportional to stem length. However, the authors found that there are only, on average, 9 cell divisions between the stem cells of the parent meristem and the formation of an axillary meristem in tomato, which shows prominent stem elongation between two branches (nodes). Importantly, this is not much different from the 7 divisions in Arabidopsis, where there is negligible stem elongation during the vegetative phase. Thus, the axillary meristem, once specified, undergoes very few cell divisions until it is morphologically apparent and this number of cell divisions is not proportional to stem length between Arabidopsis and tomato.
Using the live imaging results, the authors modeled the chance of fixation of mutations in apical and subapical stem cells of the main shoot and the branches. For the main shoot, it was 0.15% for apical stem cell mutations, which disagrees significantly with previous theoretical models [8] . The reason for the discrepancy is that apical stem cells are assumed semi-permanent in this study, which is in good agreement with data from clonal sector analysis in chimeric plants [9] , rather than non-permanent or stochastic. Furthermore, the chance that a mutation becomes fixed in at least one branch is 61% for apical stem cells. This chance drops precipitously for two or more branches. The result is that stem cell mutations usually lead to a nested series of mutations with each new branching order of the tree.
What can we learn from these findings about the longevity of trees? Burian et al. [3] extrapolate their finding, and state that the mutational load through cell division is not proportional to stature, but linearly proportional to branching order of trees. This burden might thus have been largely overestimated if based on the immense stature of trees. Hence, a tree that had made a million branches in its lifetime could have branched only to the twentieth order, and its newest branches accumulated only 4 times more mutations than an annual that branched to the fifth order (32 branches). Because the experimental system makes use of live imaging of cultured apices, it is in theory tractable to use apices of species with a longer lifespan than the herbaceous annuals used in this study. This may allow one to analyze the time point of specification of axillary meristems and the number of cell divisions until their formation in longer-lived plants.
The presented model elegantly explains how a massive stature of a tree can be achieved with a surprisingly small number of meristematic cell divisions. As the authors point out, there must be further mechanisms to explain longevity. Unfortunately, our knowledge of cell division patterns in long-lived trees is scarce. However, if the stem cell lineage of a 5000-year-old Baobab tree would undergo just a single cell division per year [10], this would result in a potentially large mutational load. Several additional aspects are worth mentioning. The authors point out that the reduction of cell division in apical meristem formation is conceptually similar to the germline separation in animals in setting aside a quiescent population of cells for gamete production. In trees, axillary meristems can be dormant for an extended time after specification. Depending on environmental factors or removal of the apical meristem, they are reactivated to form a new branch. Furthermore, branches may undergo intra-organismic selection to favor those with beneficial mutations over those with deleterious mutations [11] . Through this process, trees can lose branches that evolutionarily are at a selective disadvantage, and prevent these branches from producing gametes. This is reminiscent of previous results, such as that plant stem cells are hypersensitive to DNA stress, and thus compromised stem cells will not further contribute to plant growth [12] . Finally, in the immortal DNA strand hypothesis, specific retention of the parental (not newly synthesized) DNA strand after replication in the stem cells has been proposed as another mechanism to maintain a stable blueprint of the genomic information [13], but experimental evidence is scarce. Clearly the elegant paper of Burian et al. [3] will add a focus to future research on the seemingly endless life of some old trees. As life expectancy increases, health in the elderly is a growing issue. Health is linked to remaining socially active, but the elderly typically narrow their social networks. The social life of aging monkeys shows interesting parallels, indicating social patterns may be rooted in evolution.
Social isolation experienced by the elderly is an ever increasing problem in first world countries. This is a particular concern given that social isolation exacerbates the risk of physical and mental illness, dementia and death [1, 2] . More than a fifth of over-65s are living alone [3] or participate in fewer than one social activity per month [4] . Such factors make individuals vulnerable to feeling socially isolated or low in selfworth, no longer sensing a role in society [5] . Given that people are living longer [2] and hence are living a greater proportion of their lives as elderly, it is unclear to what degree these patterns of social isolation should be considered a modern phenomenon and how much is an inevitable part of aging, associated with motivational, physical and cognitive decline. One way to address this problem is to examine the impact of aging on the social life of other primates. In this issue of Current Biology, Almeling et al. [6] report a new study on Barbary macaque monkeys in Rocamadour, France, which shows how aging affects social engagement patterns when the availability of social partners remains relatively unchanged. Strikingly, the authors find that, for Barbary macaques living in large social groups, older individuals' interest in others' social life does not decline whilst their interest in their non-social world does. Older males and females ( Figure 1 ) remain just as interested in observing and 'commenting' on the social interactions of others as do younger individuals; however, individuals of both sexes show a marked decline in interest with age in novel physical objects placed around their home range [6] .
Almeling et al. [6] also show that whilst elderly Barbary macaques reduce the number of individuals that they themselves groom, they continue to receive grooming from others at similar rates as young individuals. It is unclear why they reduce their own grooming, whether this is, for example, due to shifts in motivation, energy or physical ability. It is also unclear why others maintain interest in elders as grooming partners, even though they receive little grooming in return. One possible explanation is that the elders provide benefits other than grooming. Given that there is no strong evidence of obvious roles such as allo-parenting or grandparenting in Barbary macaques, Almeling et al. [6] posit, rather, that maintaining close social bonds may hold inherent value. Maintaining close social bonds in both human and non-human primates is known to provide compelling benefits in terms of stress-reduction as well as gaining health, longevity and reproductive success [1, 7, 8] . Thus, younger macaques may continue to maintain their relationship to older ones, even in the absence of returned grooming.
Human studies show that relationships remain important for the elderly, although there is some shift in their priorities with age. Unlike for young people, who show preferences for expanded social networks, for the elderly, preferences for a few very close social partners predominate [9] , often with individuals whom they have been close to for many years [10] . Whilst the possibility to maintain such relationships brings satisfaction [11], the paradox is that social networks that are too contracted can presumably leave people vulnerable to social isolation. Interestingly, the elderly Barbary macaques also experienced a narrowing of their social network, at least in terms of who they continued to groom, although it is not yet clear which social partners are preferred. A narrowing social network has been observed not only in elderly monkeys but also adult female baboons of all ages when exposed to social stressors. Baboons that were better able to focus their grooming on a few close social partners experienced a quicker return of stress hormones to baseline levels [11] . It
